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In a previous paper^ the writer described a simple method by
which the excised root tips and stem tips of higher plants can be

cultivated under sterile conditions, and some experiments in which

this method was used. These experiments showed that the excised

root tips of corn would make considerable growth in the dark in a

sterile nutrient solution containing mineral salts and glucose^ and

but little when no carbohydrate was present. It was found, how-

ever, that the amount of growth which a com root tip would make
under these conditions was limited- If the original root tips were

grown for ten days or two weeks in the dark in the nutrient solutions

containing glucose, and then their tips cut off and transferred to

fresh nutrient solutions, the amount of growth and production of

secondary roots was decidedly less in the second period than in the

first, and ceased entirely in the third. The following causes for this

cessation of growth were suggested: (i) an unbalanced condition of

the nutrient solution, (2) a deficiency of oxygen, (3) incompleteness

of the nutrient solution, that is, the lack of some constituent neces-

sary for continued growth. A consideration of the conditions of the

experiments and the results obtained suggested that the third pos-

sibility should be used as a working hypothesis. This assumption

does not eliminate the possibility that the cessation of growth is

due to one or both of the other two factors, or that it is due to some
^

factor not considered. It is merely used as the basis for further

experimentation.
^

' Published with permission of the Director of the Agricultural Experiment

Station, University of Missouri. The writer acknowledges the kindness of Dr. J. K.

Wilson in supplying the Longfellow Flint corn used in this investigation, and the

assistance of Dr. W. E. Makeval in making the transfers involved in experiments

12 and 14,

^Robbins, W. J., Cultivation of excised root tips and stem tips under sterile

conditions. Box. Gaz. 73:376-390. 1922.
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Growth of roots attached and detached from grain

That the seed supplies material different either in kind or in

quantity from that present in the culture solution is evidenced by

the following experiment, in which a comparison was made of the

growth of roots attached to the grain and detached from the grain.

In this experiment corn grains were sterilized by Wilson's method

as before, and germinated on sterile agar in Petri dishes. After

germination, and when the roots were about 3 cm. long, some of the

grains were placed in 50 cc. of sterile modified Pfeffer's solution

plus 2 per cent glucose in 125 cc. Erlenmeyer flasks, and some of the

root tips were cut off and transferred to the same kind of solution

and culture flasks. All were placed in the dark at room temperature.

At the end of twelve days the roots attached to the grains had

gained 26.6 cm., had produced 102 secondary roots on the average,

and weighed per ten roots 0.5120 gm. Those detached from the

grain had gained 12.4 cm., had eighty- three secondary roots, and

weighed per ten roots but 0.1138 gm. (table I).

TABLE I

Growth in dark of roots attached to grain and detached from grain, im
PfEFFER's solution plus 2 PER CENTGLUCOSE

Condition

Attached to grain

Cut off

Average origi-

nal length
(cm.)

2-9
1.7

Gain in

length T2 days
(cm.)

26.6

12.4

Average no.
secondary

roots

Dry weight
per TO roots

(gm.)

102

83

0.5120
0.1138

In tubes of i per cent agar a similar dijfference in the growth of

roots attached to the grain and detached from the grain was noted.

In fig. I the growth of an excised root tip at the end of two weeks in

modified Pfeffer 's solution plus 2 per cent glucose containing i per

cent agar, and the growth in the same period of time of a root which

was left attached to the grain are shown. Comparing the latter root

with the excised root, its greater length, greater size of secondary

roots, and greater diameter of root tip are clearly evident.

The effect of peptone and autolized yeast

assume that the stoppage in growth of an excised com
)ntinued transfers is because glucose, the mineral sal
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insufficient

growth

the 2:rain :mbryps including

both roots and tops, and of young seedlings a week or ten days old

did not benefit the excised root tips. In fact, these

m the proportion of the extract of one embryo or seedling to one
root tip showed a shght injurious effect upon the growth of the root.

Fig. I. —Corn root tips originally about 2 cm. long: (i) excised root tip in Pfeffer's

solution plus I per cent agar; (2) excised root tip in Pfeffer's solution plus i per cent
agar and 2 per cent glucose; (3) root tip of root attached to grain in Pfeffer's solution

plus 2 per cent agar.

Neither did creatinine, gylcocoll, or asparagin used at the concen-

tration of 100 ppm, 79 ppm^ and 50 ppm respectively produce any
better growth. The first two substances were slightly injurious,

the periments

the Ca(N03)a and KNO3 ^f Pfeffer's solution were replaced by

inCaCl, and KCl, and

periods of culture, showed that the lacl» of nitrate somewhat

amount of s^rowtho e> o
in water cultures lacking
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root is attached to the grain. Peptone and autolized yeasty how-

to be distinctly These two substances

were selected because they contained a variety of comparatively

simple organic nitrogenous materials^ and because they are known

to be beneficial to the growth of lower plants, such as the bacteria or

the yeasts.

TABLE 11

Effect or pEpton:e and autolized yeast on growth in dark of corn root tips

CUT off and transferred

Addition to
Pfetfer^s solution

+2%glucose
No. roots

Average
original

length
(cm.)

Average
gain in
length
(cm.)

Average
no. side

roots

Dry weight
per lo

roots (gm.)
Original P^

Average
final P„

None
None
None

I. June 2i-JuIy 4.

8
8

8

1-7
1.7
1.9

11,6

12.7
12.8

68

68

63
4

0.0487
0.0560
0.0485

4-5
4.5

45

None
0.04% peptone.

o- 02%yeast. .

.

6.8

6.3

2. July 4- July 22

8
8

8

1.6

1-7

1-7

2-5

4.3
2.2

8.0
16.0
10.

o

o . 0030
0.0283
0.0371

4-5
6.5

S-2

5 04
6.5

5-3

None
0.04% peptone.

o . 02%yeast . . .

3. July 22-August 20

8

4
2

15
1.8

IS

0.05
4.1

5-2

o
II.

o

21 .0

4-5
6.S
5-2

4-6
6.42

5-45

4. August 20-November 12

None
0.04% peptone.

0,02% yeast. . .

» » 3
I

2.0
2.0

1.6

3 5

4-S
4-0

The first experiment with peptone and autolized yeas

June 21, 1920^ and completed November 12 of the same

second experiment extended from December 13, 1920,

The

St I92I experiments demonstrated

whose tips were severed and transferred about every two weeks

grow in the darii

the

to sLx two-week periods, while without the peptone or autolized
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yeast growth stopped in the third two-week period. Autolized yeast

appeared to be somewhat more favorable than peptone. The

these two experiments

Experiment experiment

previously described. Grains of L-

by WiLSON^s hypochlorite method

primary roots were grown in the ]

sterilized

e original

Fig. 2. —Efifect of peptone at end of second period on growth of corn root tips in

dark; two root tips on left in Pfeffer's solution plus 2 per cent glucose, two on right in

same solution plus about 400 ppm peptone.

per cent glucose. The root tips of these excised roots were cut off

after eleven days and transferred to the same solution, to the same

solution plus peptone, or to the same solution plus autolized yeast.

Further transfers were made as indicated in table II. Erlenmeyer

flasks of 125 cc. capacity containing 50 cc. of solution were used.

One cc. of a sterile 2 per cent solution of Difco peptone was added to

each flask containing peptone, and i cc. of a sterile i per cent auto-

lized yeast suspension was added to each flask containing auto-

lized yeast This produced solutions containing approximately
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400 ppm of peptone and 200 ppm of autolized yeast. Both the

yeast and peptone were sterilized intermittently at 100^ C. The
-I

root tips were grow^n in the dark at room temperature.

The beneficial effect of the peptone and the autoHzed yeast began

to be evident toward the end of the second period of growth. From

the data in table II it can be noted that the root tips in the peptone

^lution show distinctly greater growth in length, production of

secondary roots, and greater increase in dry weight. The maximum

increase in this period in the check was 3.2 cm. with eight secondary

roots, in the peptone solution 3.6 cm. with twelve secondary roots,

and in the yeast 5.5 cm. with nineteen secondary roots. The

appearance of two of the best root tips in the Pfeffer's solution plus

glucose and in the same solution plus peptone at the end of the

second period is shown in fig. 2. A number of the roots in the pep-

tone solution, however, and still more in the autolized yeast solution

developed very abnormally. They became swollen, translucent,

water-soaked, and extremely brittle, and growth was stopped.

From later experiments the large number of these abnormalities is

believed to be due to the combined action of the peptone or yeast

and the comparatively high room temperature of July (about

30^ C).

The drj' weights of the root tips in the yeast and peptone solu-

tions at the end of the second period were comparatively high, as

can be noted from later experiments. These high dry weights were

due to the large number of thickened and abnormal roots which

developed in this period in the yeast and peptone solutions. Of

the eight roots in the peptone only four were transferred, and of the

eight roots in the yeast only two were transferred. These grew in

the third period, however, while the check root tips did very little,

as can be noted in table II, The maximum growth in the third

period in the check was 0.3 cm. with no secondary roots, in peptone

7.8 cm. with twenty-nine secondary roots, in the yeast solution 9.4

cm. with forty secondar}^ roots. The tips of three of the four roots

in the peptone solution were transferred and one of the two roots in

yeast. These grew in the fourth period, the maximum in the pep-

tone being 4.5 cm, wath no secondary roots, and in the yeast 3.5 cm.

with four secondary roots. The one root in the yeast solution was
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lost by contamination. The results of this experiment, so far as

length increase is concerned, are presented graphically in fig. 3.

Determinations of the

H-ion concentration of

the solutions used in this

experiment were made by
Gillespie's^ method at

the beginning and at the

end of the first, second,

and third periods. The
modified Pfeffer's solution

at the beginning of each

period had a Ph of 4.5.

The addition of the quan-

tity of peptone used made
the solution more alka-

hne, raising the Ph to 6.5.

Fig. 3. —Growth in lengtli of root tips of corn in

dark for four periods; solutions used were modi-

fied rfeffer s solution plus 2 per cent dextrose

The autolized yeast had (check), and same solution plus approximately 200

a similar though less PP"^ yeast or 400 ppm peptone; numbers within

the circles represent number of root tips still

growing in each period.
marked effect, raising the

Ph to 5.2. The growth

of the roots made the check solution more alkaline (table II) , raising

the Ph in the first period to 6,3-6.8, in the second to 5,04^ and barely

affecting it in the third period. Both the yeast and the peptone

exerted a buffer action, and little change in the reaction was

produced in these solutions by the growth of the roots. It was
noted that in the Pfeffer's solution containing glucose the change in

reaction was roughly proportional to the amount of growth which

the roots made. Root tips which grew but little raised the Pa from

4-5 to 5.1 in the first period; those which made the most growth

raised it as high as 6.8. Higher values than this have been obtained.

In one case root tips of Silver Mine corn grown for three months in

the modified Pfeffer's solution plus i per cent cane sugar (inverted

in sterilizing) changed the Ph to as high as 8.4.

Experiment 10. —In this experiment the methods followed were

as in the first experiment, but two concentrations of peptone were

3 Gillespie, L. J., Colorimetric determination of H-ion concentration without

buffer mixtures. Jour. Amer. Chem. Soc. 42:742-748. 1920.
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used instead of one. The excised primary roots of the germinated

grains were grown eleven days in the modified Pfeffer's solution plus

2 per cent glucose. The tips were then cut oflf and transferred to

the same solution, or to the same solution plus autolized yeast or

peptone. Further transfers at intervals of two weeks were made, as

indicated in table III.

TABLE III

Effect of peptone and autolized yeast on continued growth of excised
corn root tips in dark

Addition to Pfeffer's solu-

tion+ 2%glucose
No, roots tips

None
None
None
None

9

ID
i8

None
200 ppm autolized yeast.-

200 ppm peptone
400 ppm peptone . .

.

9
13

9
14

None
200 ppm autolized yeast.

.

200 ppra peptone
400 ppm peptone

None
200 ppm autolized yeast.

.

200 ppm peptone

400 ppm peptone

7

10

6
12

Average origi

nal length
(cm.)

Average gain
in length

(cm,)

Average no
secondary

roots

2. December 13-December 24

2.2

1-9

I-9S
1.7

14.0
14.2
T2.9
12.

1

95
82

98.8
72

2. T

1.9
2.05
2.1

2,46
4.8

3-7

12

II

16

16.7

3. January 8-January 22

4, January- 22-February 5

Dry weight
per 10 roots

(gm.)

o. 1020

2. December 24-January 8

O.005S
0.0087
0.0064
0.0097

0.0032

0.0035

9
6

II

1.6

1-3

1.7

0.83
0.50
0.28

0.65
0.6
i.o

la

ficial effect of the peptone and yeast was evident. In this case,

however, with the lower winter temperature (ranging around sa'^'C.

in the dark room used for incubation) the abnormalities so evident

in the first experiment were not so numerous, and most of the roots

third period. Here the check root tipsinto the

agam stopped grow
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continued to grow. They also grew In the fourth period, and of

seven root tips transferred from the solutions containing autolized

yeasty one grew from an original length of 1.8 cm. to 2.6 cm. in the

fifth period.

It can be noted in table III and in fig. 4, where the average gains

in length of the root tips in this experiment are represented graphi-

cally, that there is a continued decrease in the amount of gain in

length in each successive period in both the yeast and peptone

Fig. 4. —Growth in length of excised corn root tips in dark for five periods; solu-

tions used were modified Pfeffer's solution plus 2 per cent glucose (check), same solution

plus approximately 200 ppm or 400 ppmpeptone (p 200, p 400) or 200 ppm of autolized

yeast (Y 200); numbers within circles represent number of root tips still growing in

each period in yeast extract.

solution. The decrease which occurs in the first period is the most

marked. The same holds true for the production of secondary roots

and for the dry weight produced in each period. The decrease is

most marked in the dry weight. The dry matter produced in the

second period, even in the presence of yeast or peptone, is only t*,

or /^ of that produced in the first period. A consideration of the

data of both experiments shows that autolized yeast is superior in its

effect to peptone.

An observation made in this experiment as well as generally in

others should be recorded. The root tips of some of the excised
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roots in any series always develop abnormally. The root tip be-

comes clear and glassy, sinks to the bottom of the solution, and

almost ceases growth. When this occurs in the early periods of an

experiment the secondary roots become unusually long and well

developed, frequently attaining a length three or four times that of

the secondary roots of an excised root whose tip is developing nor-

mally. The appearance of a root whose primary tip became abnor-

mal and whose secondary roots show marked development is shown

in fig, 5, A normal root is shown in fig. 6. The latter figure also

illustrates the fact noted before that the secondary roots develop

from the convex side of the main root.

Effect of different concentrations of autolized yeast

While autolized yeast and peptone exert a favorable influence

on the continued growth of the excised root tips in solution cultures

containing glucose and the mineral salts of Pfeffer's solution, never-

theless the increase in length and the production of secondary roots

and dry matter continuously decrease, until eventually growth

stops. If we are to determine the complete nutrient requirements

of a root by the method used, it will be necessary to find a set of

conditions in which the excised root tips will grow continuously and

produce approximately the same increase in length, number of

secondary roots, and dry matter period after period as the root tips

are cut off and transferred.

It was hoped that increasing the concentration of the favorable

factor already found would accomplish this. Experiments were

therefore carried out in which concentrations of autolized yeast vary-

ing from 10 ppm to 800 ppm were used. The results of these experi-

ments indicated that while 400 ppm were somewhat more favorable

marked

ference in the effects of concentrations

as 800 ppm so far as the growth in the

In the later periods, however, the hi

10 ppm

more beneficial. Two experiments were performed

ith this from February ^ to April 16,

from
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Fig. 5. —Excised corn root whose tip has developed abnormally; note develop-
ment of secondar\' roots.

t

Fig, 6. —Normal excised corn root tip; compare development of secondarj' roots

with those of root in fig. 5.
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Experiment 12.—The methods used in this experiment were

similar to those used in the previous experiments. The root tips

were grown at room temperature in the dark in 125 cc. Erlenmeyer

flasks of Pyrex glass containing 50 cc. of solution. The original

excised primary roots were grown for the first period in the modified

same

400

same com

e made a:position as in the first period. Further transfers were

indicated in table IV. In addition, one set of root tips was grown for

m
without transferring, and one set was grown in the same solution

400 ppm
transferring

experiment

gm
making

distilled water. This 2 per cent extract of the autolized yeast

actually contained 0.3366 gm. of dr^' matter per 50 cc, of which

was ash. An extract prepared in the same way was also

periment 14. The actual concentration of autolized yeast

CTn

m
third of the concentrations given, which are based on the weight of

the dry yeast as it came from the bottle. Table V indicates the

approximate amounts of dry material, organic matter, and ash

added to the culture flasks in the form of the yeast extract.

The data in table IV and the graphic representation of the

lengths in fig. 7 show that during the first period the autolized yeast

exerted no favorable influence on the growth of the roots. It was

not until near the end of the second period that the beneficial eflect

of the yeast became evident. As was noted earlier, growth in the

Pfefler's solution plus 2 per cent dextrose fell off very markedly in

the second period, and stopped in the third. In the presence of

autolized yeast, however, the roots grew in the third and fourth

periods. The number which could be transferred was decidedly

reduced in the fourth period, however, but those which were trans-

ferred made some growth in the fifth period, and some of the roots
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TABLE IV

TINUED
GROWTHOF EXCISED CORNROOTSIX STERILE CULTUREIN DARK

None
80 ppm yeast

200 ppm yeast
400 ppm yeast
800 ppm yeast
200 gelatine. .

None
80 ppm yeast

200 ppm yeast
400 ppm yeast
800 ppm yeast
200 gelatine. .

None
So ppm yeast

200 ppm yeast
400 ppm yeast
800 ppm yeast
200 gelatine. .

9
10

10

10
TO

10

2. February 19-March 5

23
1.9
2.16
2.0
2.1

1.85

3 .0

5' 97
5 71
5 4
5 5
2. .12

9-6
6.1

14.0
13.2

9-0
3-7

3. March 5-March rg

4. March iQ-April 2

Addition to Pfeffkr's solu-
tion -f-2% glucose

No. root tips

Average origi-

nal length
(cm.)

Average gain
in length

(cm.)

Average no.
secondary

roots

Dry weight
per 10 roots

(gm.)

r I. February 5-Februar>' rg

None

1

10

10
TO

10

10

10

1-7
1.8
1.8

1.9

1.9
1-7

12.6'

12.0
II .1

130
II .0

10.4

67
62

60

72

SO

0.0940
. 0840

0.0730
0S20

80 ppm yeast
200 ppm veast

'

400 ppm yeast
800 ppm yeast . 0630

0.0624200 ppm gelatine

o . 005

1

0.0056
0.01x6
0.0096
Q.OI04
0.0044

0.2 2.9 0.0015
4.0 6.S 0.0035
4.2 7 4 . 0043
3-6 9.6 0.0055

4 4 10.7 O.OIIO
0.

1

80 ppm yeast
200 ppm j^east

400 ppm yeast
800 ppm yeast

None
400 ppm }xast

8

8
8

S

9
13

2.0

1.9
1.6
1 .46

115
1.60

1-95
2.60

2.2

0.4

3 5

5-4

5' April 2-April 16

I-S 0.7

1.35 0.5
1.65 ZZ 8.5

1-55 0.8 30

February 5-March ig

2.0

1-93

20.4
20.57

84

97

0.0030
0.0050
o . 0040
0.0046

o . 0898
0.0635
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in the sixth period. All the roots still growing were acciden-

tally lost in the sixth period-

An examination of the data in table V and the curves in fig. 7

shows that none of the yeast concentrations prevented the gradual

decrease in length gain, secondary root production, and dry matter

Ftg. 7. —Growth in length of excised com root tips in dark for five periods of

<;fers: solutions used were Pfeffer's solution dIus 2 per cent ducose i'check). and

same solution plus 80, 200, 400, or 800 ppm autolized yeast.

elaboration. The rate of decrease was very but

became less so as the periods passed, 'j

growth in 400 ppm of autolized yeast in

It is due to the fact that two roots

mcrease m

only.

m Their growth was excellent

throughout the experiment, but decreased continuously. The
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increases in length for one of these roots, no. 32, for the five periods

were as follows: 11.2, 6.5, 4.9, 4,5, and 1.3 cm,, and the secondary

root production was 58^ 12, 3, 4, and o. For the other, no. 39,

the increases in length were 13.0, 11.5, 8.3^ 6.9, and 5.4 cm., and the

secondary root production was 82, 51, 25, 16, and 17. These figures

show a continuous decrease in length. They also emphasize the

fact, w^hich has been observed continuously in this work, that the

root tips act consistently as individuals period after period. A root

tip which develops well in the first and second periods usually con-

tinues to show a superior growth in the later periods.

TABLE V

Approxim.ate actual material, ask, or organic material
added in aut0li2ed yeast extract to culture

SOLUTIONS IN EXPERIMENTS12 AND 14

Concentrations of
aulolized yeast

in culture solutions

expressed as
bottle-dry yeast

(ppuj)

Total dry
matter (ppm)

A

Ash (ppm)
Organic
(ppm)

Total dry
matter added

per 50 cc. of

culture
medium (gm.)

TO . . . 3.7
13-5
27.0
67.0

134
268.0

0-5
2.0

40

21 .0

42.0

30

23.0

113.0
226.0

0.00016
40 . 00065

0.0013
0.0032

. 006 7

0.0134

80
200.

400
800

The difference in the effect of the various concentrations of yeast

was not great, and appeared most sharply in the later periods.

Thus, so far as length is concerned, the gain in So ppm of yeast was

as great in the second and in the third period as in any of the other

concentrations. The secondary root production and dry weight

produced, however, were greater in the higher yeast concentrations

even in the second period. It was not until the fifth period that

200 ppm of yeast showed its inferiority to 400 ppm; 800 ppm of

yeast apparently was somew'hat too concentrated. The addition

of 200 ppm of a colloidal material like gelatine to the culture solu-

tion did not favorably affect the development of the roots. It

should be noted that root hairs were found on the root tips in the

gelatine solution at the end of the third period. Excised roots w^hich

did not have their root tips severed and transferred at intervals
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(table VI) made just as much growth in length in a period of six

weeks in Pfeffer's solution plus 2 per cent glucose as in Pfeffer's

solution plus 2 per cent glucose and 400 ppm of autolized yeast.

TABLE VI

Growth or excised corn roots in s NUTRIENT SOLUTIONS IN PARK; IN ONE
CASE ORIGINAL EXCISED ROOTTIPS NOT TRANSFERRED; IN OTHERTIPS CUT OFF
ANDTR^VN'SFERRED TO FRESHNUTRIENT SOLUTIONSAT INTERVALS OF TWOWEEKS;
COMPILEDFROMDATA IN TABLE IV

Addition to Pfeffer's solution

None
400 ppm autolized yeast

None -

400 ppm autolued yeast

Transfers No. roots

Average
original

length
(cm.)

Total aver-
age gain
in length

(cm.)

Average
no. second
ary roots

February 5-March ig

None 9
13

2.0
J:.93

20.4
20.57

February 5-March 19

3 9-10
8-9

1-7

1.9
15-8
22.0

84

97

79-S
94.8

Dry weight
per TO

roots (gm.)

O . 0898

0.063s

o. 1006

0.0971

TABLE VII

Effects of io, 40, and 80 ppm of autolized yeast extract on growth of excised
CORNROOTtips IN STERILE NUTRIENT SOLUTIONSIN DARK

Addition to Pfeffer's solu-

tion-f2% glucose

None
None
None
None

None
1 ppm yeast

40 ppm yeast

80 ppm yeast

None
10 ppm yeast

40 ppm yeast

^o ppm yeast

No. roots

10

10

10

10

Average origi-

nal length
(cm.)

Average gain
in length

(cm.)

Average no
secondary

roots

I. April 3- April 17

1.57
1.68 11 . 12

6s
64

1.75
1.68

11.25
12.22

65

71

2. April 17-April 30

3, April ^o-May 14

Dry weight
per 10 roots

(gm.)

0.1054

.0826

0.0027
0.0047
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The secondary root production in the autolized yeast culture was
somewhat greater and dry matter somewhat less in this case.

If we compare the growth of roots which had their tips severed

and were transferred twice to fresh solutions during a six weeks'

period with those which grew continuously undisturbed in the

solution, we find (table VI) that in Pfeffer's solution plus 2 per cent

glucose the total increase in length and production of secondary roots

when the tips were severed and transferred was less than when they

were left undisturbed:

affected by the transfers;

dry matter was greater. When
I secondary root production wei

e dry weight was greater.

The original Ph of the Pfeffer's solution plus 2 per cent glucose

was 4.5. which grew six weeks without transfer

the H 6.3. The original reaction of the Pfeffer's

400 ppm 5-2

which errew for sLx weeks without transfer

me

reaction to a Ph of 6.24.

Experiment 1 4. —The
hods and general condi-

tions were the same in this ex-

periment as in experiment 12,

In this case, however, concen-

trations of yeast of 10, 40, and

80 ppm were used. The root

tips were grown for the first

period with no addition to the

nutrient solution, the yeast

being added in the second

period. Unfortunately one of

the flasks containing the con-

centrated yeast extract was Fic, 8.—Growth in length of excised com

contaminated with bacteria, T^ '^Pf ? ^'^
!f

" ^h^ee periods of trans-

' fers; solutions used were rieffers solution

and most of the cultures were plus 2 per cent glucose, and same solution

lost in the second period due P^"^ '''' ^o, or 80 ppm of autolized yeast.

to the contamination, leaving but two root tips in each of the con-

centrations, 40 ppm and 80 ppm. From the data in table VII

and the graphic representations in fig. 8 it can be noted that the
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growth in lo ppm of autolized yeast in the second period compares

very favorably with that in 40 ppm or 80 ppm of yeast in the

same experiment. In the third period the development in the

solution containing 10 ppm of autolized yeast was better than in

either 40 or 80 ppm of yeast. If, however, we compare it with the

previous experiment in which a larger number of root tips were

grow^n in 80 ppm yeast, we can see that the development was con-

siderably less in 10 ppm than in 80 ppm of yeast. This substan-

tiates the general expression of the effect of autolized yeast in these

experiments, namely, that in the first period it has no beneficial

effect, in the second period there is Httle difference between the

effects of 10, 40, 80, 200, 400, and 800 ppm; but the later the period

the more evident does the beneficial action of the higher concentra-

tions appear.

Discussion

While excised com
m

which have their root tips cut off and transferred to fresh solutions

at intervals of two weeks, show a continued decrease in the rate of

growth and stop growth in the third period, the addition of small

amounts of peptone or autolized yeast permits them to grow for as

long as six periods before growth ceases-

Two possible explanations for the action of the peptone and

themselves

som

m
water, glucose, and tree oxygen; (2) the autolized yeast or peptone

balances the solution, performing a function which could be accom-

plished by a readjustment of the relative quantities of the salts of

Pfcffcr's solution or their equivalents, of water, of glucose, and of

free oxygen, A definite decision between these two possibilities

cannot be made from the data at hand. The majority of the results

reported in this paper, however, would seem to be exnlained best on

assumption that the mineral

insufficient

the

plied by autolized yeast or peptone.
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That the effect of the peptone or autolized yeast is not protective is

indicated by the fact that a colloidal material like gelatine is not bene-

ficial, and by the fact that the beneficial action of the yeast does not

appear in the first period of two weeks, or even in sLx weeks when the

excised roots do not have their tips cut off and transferred to fresh

solutions. The assumption, ho\vever, that the seedling root contains

some substance or substances derived from the grain which are not

contained in the basic nutrient solution and which are supplied by the

peptone or autolized yeast would explain: (i) That root tips trans-

ferred show less total growth than those not transferred. The hypo-

thetical materials are fractionated in the transfers, and the transferred

root is limited in the second and third periods by a deficiency of these

materials^ which can partially be supplied by the peptone and

autolized yeast. (2) That in the presence of autolized yeast root

tips transferred show as much growth as those not transferred.

The h}pothetical substances fractionated in the transfers are sup-

plied by the autolized yeast. (3) The fact that with the cessation of

wth of th

elopment hypothetical material

mam
meristematic

Whatever the cause of the beneficial action of the autolized

yeast,'* its effect is limited in some way, as is evidenced by the fact

that the various concentrations of yeast produce no correspondingly

increased benefits, and the Pfeffer's solution containing peptone or

autolized yeast and glucose will not permit continued growth.

Summary

I. Com roots attached to the grain grow much more rapidly

under sterile conditions in the dark in Pfeffer's solution plus 2 per

cent glucose than do root tips detached from the grain.

-'Lack of space precludes a summary at this Liinc of the voluminous literature

dealing with this general problem. Reference should be made to the publications of

Sachs, Haberlaxdt, Hannig, Bottomley, Weber, Bachman, Loeb, Mockeridge,
FuLMER, Nelson and Sherwood, Williams, and others who have dealt previously

with the problem of the necessity of accessory food substances for plant growth, or

who have attempted to cultivate single cells or isolated parts of higher plants. Some
of the more recent papers on this subject not cited in the earlier publication by the

writer are given at the end of this paper. A review of the subject indicated is planned

for a later publication.
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2. When excised root tips of com are grown under sterile condi-

tions for about two weeks in the dark in Pfeffer's solution plus

2 per cent glucose, and their root tips are severed and transferred to

fresh solutions at intervals: (a) growth stops in the third period;

(b) the addition of peptone or autolized yeast permits the root tips

to grow for 4-6 periods; ppm of gelatine

(d) in

100 ppm of creatmme^ 79 ppm of glycocoll, 50 ppm of asp:

or the corn embryo extract used show no beneficial effect;

Pfeffer's solution lacking nitrates and containing 2 per cent glucose

a little less total growth is made than in Pfeffer's solution containing

nitrates and 2 per cent glucose; {e) approximately 400 ppm of pep-

tone is more efficient than 200 ppm; (/) autolized yeast is more

beneficial than peptone; (g) the beneficial effect of the autolized

yeast does not appear in the first period of growth; (h) concentra-

tions of 10, 40, 80, 200, 400, and 800 ppm of autohzed yeast (equiva-

lent in dry matter to about one-third the concentrations given)

show no marked difference in their beneficial effect, esneciallv in the

some

than

concentrations.

z. When th
\

com
m

m
dry m

Jer's solution plus 2 per cent glucose and 400 ppm of autolized

Bt there is no difference in the growth in length or secondary

t production; the dry weight is greater

•

4. When the growth of excised root tips left undisturbed for six

ks in Pfeffer's solution plus 2 per cent glucose is compared with

growth in the same solution to which 400 ppm of autolized yeast

dded, there is no difference in total length. The secondary root

duction is somewhat less and dry weight somewhat greater.

5. Excised com root tips act as individuals.

6. The growth of the secondary roots of an excised root is much
iter when the primary root tip stops growth than when it con-

ies to grow normally,

Univt:rsity or Missouri

Columbia, Mo.



1922] ROBBINS—ROOrTIPS 79

LITERATURE CITED

1. Bachman, Freda W., Vitamine requirements of certain yeasts. Jour.

Biol. Chem, 39:235-258. 1919.

2. BoTTOMLEY, W, B., The significance of certain food substances for plant

growth. Ann. Botany 28:531-539. 1914.

3. FuLMERj E. I., Nelson, V. E., and Sherwood, F, F., The nutritional

requirements of yeast. I. The r61e of vitamines in the growth of yeast;

II. The effect of the composition of the medium on the growth of yeast.

Jour. Amer, Chem. Soc. 43:186-199. 1921.

4. Gillespie, L. J., Colorimetric determination of hydrogen-ion concentration

without buffer mixtures. Jour. Amer. Chem. Soc. 42:742-748. 1920.

5. LoEB, J., Rules and mechanism of inhibition and correlation in the regenera-

tion of Bryophyllum calycinum. Box. Gaz. 60: 249-276. 1918.

6. MacDonald, M. B., and McCollum, E. V., The cultivation of yeast in

solutions of purified nutrients. Jour. Biol. Chem. 45:307-311. 1921.

7. MocKERiDGE, F. A., XXXVII. The occurrence and nature of plant

growth-promoting substances in various manurial composts. Biochem.

Jour. 14:432-450. 1920.

8. RoBBiNS, W. J., The cultivation of excised root tips and stem tips under

sterile conditions. Box. Gaz. 73^376-390. 1922.

9. Williams, R. J., Vitamines and yeast growth. Jour. Biol. Chem. 46:

113-118. 1921.

10. Weber, F., Hormone in Pflanzenreich. Naturwiss. Wochenschr. 35:

241-253. 1920.


